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XTt2K-1 BI19PLANE WITH A Z A P  FLA? AND UPPEB-SURFACE 

AILERON-WING INSTAZLAICION 

B y  L,  A. C l o u s i n g ,  R o b e r t  R. Lehr 
and Wi l l i em J. O ' S u l l i v a n  

e 

A F a i r c h i l d  X R 2 X - 1  a i r p l a n e  equippe l i  w i t h  a wing 
h a v i n g  a f u l l - s p a n  Zap f l a p  a n d  u p o e r - s u r f a c e  a i l e r o n s  
w a s  t e s t e d  i n  t h e  f u l l - s c a l e  wind t u n n e l  and  i n  P l i g h t  t o  
d e t g r m i n e  t h e  c h a r a c t e r i s t i c s  o f  t k e  f l a p  and t h e  a i l e r o n s .  
The l i f t ,  d r a g ,  and  pi tching- moment  c o e f f i c i e n t s  o f  t h e  
a i r p l a n e  and t h e  a i l e r o n  r o l l i n g - ,  yawing- ,  and h i n g e-  
moment c o e f f i c i e n t s  were  measured  a t  v a r i o u s  f l a p  d e f l e c -  
t i o n s ,  The naximum r o l l i n g  v e l o c i t y  and r o l l i n g  a c c e l -  
e r a t i o n ,  t h e  y a w i ~ g  v e l o c i t y ,  t h e  t i m e  l a g  i n  t h e  a i l e r o n  
r e s p o n s e ,  and t h e  a i l e r o n  c o n t r o l  f o r c e s  were  d e t e r m i n e d .  

The f l a p ,  when e x t e n d e d  f r o m  Q o  t o  43.0°, i n c r e a s e d  
t h e  maximum l i f t  c o e f f i c i e n t  from 1,29 t o  2.37. I n c r e a s -  
i n g  t h e  f l a p  g a p  f r o m  0 . 0 1 0 ~  t o  0 . 0 3 7 ~  w i t h  t h e  f l a p  de-  
f l e c t e d  43.0' i n c r e a s e d  t h e  maximum l i f t  c o e f f i c i e n t  by 
0.20 and  i n c r e a s e d  t h e  p i t ch ing -n ;  c o e f f i c i e n t .  The 
a i l e r o n s  p roduced  s a t i s f a c t o r y  r 11 a t  a l l  f l a p  d e f l e c -  
t i o n s  b u t  had  l a r g e  h i n g e  moments axid p roduced  e x c e s s i v e  
s t i c k  f o r c e s .  The a i l e r o n s  had n e g l i g i b l e  r e s p o n s e  lag 
and  p roduced  a s m a l l  e r r a t i c  f a v o r a b l e  yaw. A t  f u l l  f l a p  
d e f l e c C i o n  t h e  a i l e r o n  c o n t r o l  f o r c e s  e x h i b i t e d  a r e v e r -  
sal, n e a r  t h e  n e u t r a l  p o s i t i o n .  The c o n t r o l  n e c h a n i s n  of 
t h e  a i l e r o n s  was s u b j e c t  b o t h  t o  l a r g e  d e f l e c t i o n s  u n d e r  
l o a d  and  g r e a t  f r i c t i o n ,  

INTRODUCTfON 

A t  t h e  r e q u e s t  o f  t h e  Bureau  o f  A e r o n a u t i c s ,  Navy 
D e p a r t m e n t ,  t h e  N a t i o n a l  Advisor;? Committee f o r  ke ronau-  
t i c s  h a s  c o n d u c t e d  t e s t s  o f  a f u l l - s p a n  Zap f l a p  and 
u p p e r- a u r f a e e  a i l e r o n- w i n g  i n s t a l l a t i o n  on  a F a i r c h i l d  
XR2E;-1 a i r p l a n e .  The t e s t s  c o n s i s t  of t h e  measurement ,  
i n  t h e  f u l l - s c a l e  wind t u n n e i ,  o f  t h e  p r i m a r y  aerodynamic  
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c h a r a c t e r i s t i c s  a n d ,  i n  f l i g h t ,  of t h o s e  c h a r a c t e r i s t i c s  
n o t  r e a d i l y  d e t e r m i n e d  i n  t l re  wind t u n n e l ,  The t e s t s  a r e  
o f  t h e  same g e n e r a l  n a t u r e  a s  p r e v i o u s  t e s t s  o f  v a y i o u s  
f l a p s  and a i l e r o n s  made on a F a i r c h i l d  22 a i r p l a n e  ( r e f -  
e r e n c e s  1, 2, and  3) .  The Z a i r c h i l d  XB2K-1 a i r p l a n e  h a s  
a d i f f e r e n t  t y p e  e n g i n e ,  g r e a t e r  h o r s e p o w e r ,  and 
g r e a t e r  w e i g h t  t h a n  t h e  F a i r c h i l d  22 a i r p l a n e ,  a l t h o u g h  
i t  I s  s i m i l a r  i n  m o s t  o t h e r  d e t a i l s ,  The Za? f l a p  em- 

f l a p  o f  r e f e r e n c e  2,  

tr 
&- 
G 

p l o y e d  i n  t h i s  i n v e s t i g a t i o n  is n o t  t h e  same as t h e  Zap -3 

The NACK i s  c o n d u c t i n g  a s y s t e E a t i c  i n v e s t i g a t i o n  O f  
v a r i o u s  l a t e r a l - c o n t r o l  d e v i c e s  ~ Q T  u s e  w i t h  f u l l - s p a a  
f l a p s ,  (See r e f e r e n c e s  4 ,  5 ,  6 ,  and 7 , )  The u s e  o f  f u l l -  
s p a n  f l s p s  h a s  b e e n  c h i e f l y  hi ladered by  t h e  u n s a t i s f a c t o r y  
c h a r a c t e r i s t i c s  o f  t h e  v a r i o u s  la$ E X  al.-cont r o 1  d e v i c e s  
u s e d  w i t h  t h e n ,  A c c o r d i n g l y ,  p a r , i c u Z a r  a t t e n t i o n  W ~ S  

p a i d  i n  t h i s  i n v e s t i g a t i o n  t o  t h e  c h a r a c t e r i s t i c s  of t h e  
u p p e r-  s u r f  ai: e a i l e r o n s  

The wind- tunne l  t s s t s  3 r e  c o v e r e d  i n  p a r t  1 o f  t h e  
p a p e r  and t h e  f l i g h t  t e s t s  a r e  r e p o r t e d  i n  p a r t  11. 

AIRPLANE .AKD WING 

The F a i r c h i l d  XRZX-1 a i y p l a a e ,  eqizipped w i t h  a s p e-  
c i a l  wing h a v i n g  a Zap f l a p  and u p p e r- s u r f a c e  a i l e r o n s ,  
i s  shown i n  f i g u r e s  1, 2, and 3, Dimens ions  and o t h e r  
c n n r n c t e r i s t i e s  o f  t h e  a f r p l a n e  as t e s t e d  a r e  g i v e n  i n  
t a b l e  I ,  The a i r f o i l .  s e c t l  o n ,  which has b e e n  d e s i g n a t e d  
by E. F, Zaparka  t h e  2-115 s e c t i o n ,  i s  s i m i l a r  t o  t h e  
N-71 a i r f o i l  w i t h  a s l i g h t  m o d i f i c a t t o n  o f  t h e  u p p e r  sur- 
f a c e  n e a r  t h e  t r a i l i n g  edge ,  The d i m e n s i o n s  of t h e  Zap 
f l a p  a r e  g i v e n  i n  f i g u i e  4 and i n  t a b l e  1. The f l a p  h a s  
a c u r v e d  s e c t i o n  and r e t r a c t s  on r o l l e r s  i n t o  t h e  t r a i l -  
i n g  edge  o f  t h e  wing. I n  t h e  r e t r a c t e d  p o s i t t o n ,  t h e  p ro-  
t r u d i n g  p o r t i o n  of  t h e  f l a p  f o r m s  t h e  t r a i l i n g  edge O f  
t h e  wing. The f l a p  i s  o p e r a t e d  by a c r a n k  mounted Qn t h e  
left s i d e  b f  t h e  c o c k p i t ,  f i v e  t u r n s  a f  t h e  c r a n k  b e i n g  
r e q u i r e d  t o  d e f l e c t  t h e  f l a p  t o  i t s  ful l ,  e x t e n t ,  43.0' 
f r o m  t h e  r e t r a c t e d  p o s i t i o n ;  t h e  d e f l e c t i o n  i s  d i r e c t l y  
p r o p o r t i o n a l  t o  t h e  o r a n k  m o t i o n ,  

The u p p e r  s u r f e c e s  of t h e  w i ~ g  n e q r  t h e  t i p s  a r e  
f i t t e d  w i t h  t h e  u p p e r - s u r f a c e  a i l e r o n s  h a v i n g  t h e  a p p e a r-  
a n c e  shown i n  f i g u r e s  1 t o  4 an3 t h e  d i m e n s i o n s  g i v e n  i n  
t a b l e  1 and i n  f i g u s e  4, f n  t h e  n e u t r a l  p o s i t i o n  t h e  
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a i l e r o n s  a r e  c o n t i n u o u s  w i t h  t h e  u p p e r  s u r f a c e  o f  t h e  wing.  
The a i l e r o n s  r o t a t e  upward a b o u t  an  a x i s  s l i g h t l y  above  
a n d  b e b i n d  t h e  l e n d i n g  e6ge  o f  t h e  a i l e r o n ,  as  shown in 
f i g u r e  4, The d i f f e r e n t i a l  mo t ion  of  t h e  a i l e r o n s  u n d e r  
no l o a d  i s  g i v e n  i n  f i g u r e  5 ,  The n i l e r o n s  a r e  moved 'by 
cam mechanisms l o c a t e d  a t  t h e  a i l e r o n s  and o p e r a t e d  by 
c o n t r o l  c a b l e s  f r o m  t h e  s t i c k .  

The F a i r c h i l d  XR25-1 a i r p l a n e  i s  n o r m a l l y  e q u i p p e d  
w i t h  a r e c t a n g u l a r  wing w i t h  rounded t i p s  t h e t  h a s  a 
s p a n  o f  32 f e e t  10 i n c n e s ,  a c b o r d  o f  5 f e e t  6 i n c h e s ,  
and  i s  of H-22 a i r f o i l  s e c t i o n .  The a r e a  o f  t h i s  wing is 
1 7 1  s q u a r e  f e e t  and  i t s  we igh t  i s  a p p r o x i m a t e l y  200 pounds .  
L a t e r a l  c o n t r o l  i s  provid.ed b y  convenLiona1 n.i lerOnS o f  
1 2- i n c h  (18 .2  p e r c e n t  c )  c h o r ? ,  wnich e x t e n d  a c r o s s  a l m o s t  
t h e  e n t i r e  t r a - i l i n g  edse  o f  t h e  wing (83  p e r c e n t  b), 

I n  compar i son  w i t n  t h e  w i n g  w i t h  which  t h e  a i r p l a n e  
i s  n o r m a l l y  e q u i p p e d ,  t h e  s p e c i a l  wing equ ipped  w i t h  t h e  
Zap f l a p  and t h e  u p p e r - s u r f a c e  a i l e r o n s  i s  17 .25  p e r c e n t  
s m a l l e r  i n  a r e 8 ,  0 .6  p e r c e n t  l a r g e r  i n  s p a n ,  and weighs  
9 5 . 5  p e r c e n t  m o r e ,  

CD d r a g  c o e f f i c i e n t  o f  a i r p l a n e  w i t h o u t  p r o p e l l e r  
and h o r i z o n t a l  t-n.il ( E / q S w )  

OD, p r o f i l e - d r a g  c o e f f i c i e n t  of w i n g  (Do/qSw) 

r e s u l t a n t  a i l e r o n  hinge-moment c o e f f i c i e n t  
( H a l  ~ a c a  1 G h a  

CL l i f t  c o e f f i c i e n t  o f  a i r p l a n e  w i t h o u t  p r o p e l l e r  
and h o r i z o n t a l  t a i l  (L/qS,) 

C i l  a i l e r o n  ro i l ing- moment  c o e f f i c i e n t  o b o u t  wind 
a x i s  (L' /qbSw) 

pi tch ing- moment  c o e f f i c i e n t  a b o u t  c e n t e r  o f  grav-  
i t y  o f  a i r p l a n e  w i t h o u t  p r o p e l l e r  and h o r i z o n t a l  
t a i l  ( N ~ , ~ ~  / w a b  1 

Cln c , g .  
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p i t c h i n g - a o m e n t  c o e f f l c i e n t  about  q u a r t e r- c h o r d  
p o i n t  o f  a i r p l a n e  w i t h o u t  p r o p e l l e r  and h o r i z o n -  
t a l  t a i l  ( ~ J q c ~ b )  - 

i S f / y b S w )  

4 

C g l  a i l e r o n  yawing-moment c o e f f i c i e n t  a b o u t  wind a x i s  

D d r a g  o f  a i r p l a n e  w i t h o u t  p r o p e l l e r  and h o r i z o n t a l  
t a i l  

Ha a i l e r o n  h i n g e  rnoment 

L l i f t  o f  a i r p l a n e  wi$hout  p r o p e l l e r  and h o r i z o n t a l  
t a i l  

L *  a i l e r o n  r o l l i n g  moment about w i n d  a x i s  

%.g. p i t c h i n g  nomen% o f  R i r p l g a e  a b o u t  c e n t e r  o f  g r a v i t y  
w i t b o u t  p r o p e l l e r  and  horfzontal t s . 51  

p i t c h i n g  moment of a i r p l a n e  a b o u t  q u a r t  e r- c h o r d  
p o i n t  w i t h o u t  p r o p e l l e r  and h b r i z o n l a l  t a i l ,  /4 

M 

N t  a i l e r o n  yawing moment about  wind a x i s  

S, a r e a  o f  one a i l e r o n  (caba)  

S, wing area  w i t h  f l a p  r e t r a c t e d  

V i  i n d i c a t e d  a i r s p e e d  

Vt true a i r s p e e d  

b wing s p a n  

b a  span  of one a - i l e r o n  

b f  f l a p  s p a n  

c wing c h o r d  w i t h  f l a p  r e t r a - c t e d  

C, a i l e r o n  c h o r d ,  measured a s  shown i n  f l g u r e  4 

C $  f l a p  c h o r d ,  messured a s  shown i n  f i g u r e  4 
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l o c a l  p r o f i l e - d r a g  c o e f f i c i e n t  a t  5’4 f e e t  t o  
r i g h t  o f  c a n t e r  l i n e  

r o l l i n g  a n g u l a r  v e l o c i t y  abou t  a i r p l a n e  body a x i s  

a n g l e  o f  a t t a c k  measured  w i t h  r e s p e c t  t o  t h r u s t  
a x i s  

a i l e r o n  d e f l e c t i o n  f r o m  n e u t r a l  p o s i t i o n  

f l a p  d e f l e c t i o n ,  rneasi.rred as shown i n  f i g u r e  4 

h e l i c p l  a n g l e  d e s c r i b e 2  b y  wing t i p  i n  r o l l  

I - FULL-SCALE WIND- TUNNEL INVESTIGATION 

T e s t s  

A l l  t h e  t e s t s  on t h e  F a i r c h ”  J X Y S K - 1  P i r p l a n e  w i t h  
t h e  Zal; f l a p  and t h e  u p p e r- s u r f a c e  a i l e r o n - w i n g  i n s t a l l a -  
t i o n  were made w i t h  t h e  h o r i z o n t q l  t a i l  s u r f s c e s  and t h e  
p r o p e l l e r  reIcoved. The p r i c a r y  3.erodynamic c h a r a c t e r i s -  
t i c s  o f  t h e  e i r p l F n e  were o b t s i n e d  f o r  f i v e  f l a p  p o s i -  
t i o n s ,  i n c l u d i n g  t h e  c l o s e d  a n d  t h e  f u l l y  ex t ended  c o n d i-  
t i o n s ,  ove r  a n  a n g l e - o f- a t t a c k  r a n g e  o f  -15’ t o  20’ a t  R 
t e s t  s p e e d  o f  aDprox ima te ly  58 m i l e s  p e r  h o u r .  S c a l e  e f -  
f e c t  on t h e  msximum l i f t  w a s  d e t e r m i n e d  ove r  a r a n g e  o f  
t e s t  s p e e d s  from 28 t o  60 m i l e s  p e r  h o u r  f o r  t h e  c l o s e d ,  
t h e  t h r e e - f i f t h s  open ,  and t h e  f u l l y  e x t e n d e d  f l a p  p o s i-  
t i o n s .  

Momentum s u r v e y s  were made b e h i n d  t h e  wing t o  f i n d  
t h e  p r o f i l e - d r a g  c h a r a c t e r i s t i c s  f o r  a number o f  l i f t  
c o e f f i c i e n t s  and f o r  t w o  flap s e t t i n g s ,  S c n l e  e f f e c t  on 
t h e  p r o f i l e  d r q g  w i t h  t h e  f l a p  r e t r a o t e d  vas measured  
o v e r  a r a i g e  of t e s t  s p e e d s  f r o m  28 t o  81 m i l e s  per h o u r .  

A i l e r o n  r o l l i n g - ,  y a v i n g - ,  and hinge-moment c o e f f i -  
c i e n t s  were  o b t a i n e d  a t  z e r o  r o l l i n g  v e l o c i t y  f o r  a n g l e s  
o f  a t t a c k  and f l a p  s e t t i n g s  s i m u l a t i n g  f l i g h t  c o n d i t i o n s .  
The s t i c k  f o r c e s  r e q u i r e d  t o  h o l d  t h e  a i l e r o n s  a t  con-  
s t a n t  d e f l e c t i o n  were  o b t a i n e d  by means of a c o n t r o l -  
f o r c e  r e c o r d e r  and a cont  r o l - p o s i t i o n  r e c o r O e r  i n s t a l l e d  

c 
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i n  t h e  c o c k p i t ;  an a i l e r o n - p o s i t i o n  i r _ d i c a t o r  was also i n-  
s t a l l e d  on t h e  wing a t  t h e  l e f t  a i l e r o n .  These i n s t r u -  
ments made i t  p o s s i b l e  t o  d e t e r m i n e  n o t  o n l y  t h e  a c t u a l  
s t i c k  f o r c e  r e q u i r e d  b u t  a l s o  t h e  ae rodynamic  h i n g e  DO- 
ments  and t h e  s t i c k  f o r c e s  t h a t  woulC: b e  r e q u i r e d  i f  a11 
t h e  f r i c t i o n  were  e l i m i n a t e d .  The c o n t r o l  f o r c e s  r e q u i r e d  
t o  e x t e n d  end t a  r e t r a c t  t h e  Zap f l a p  were meesured by a 
s p r i n g  s c a l e .  

A t  t h e  c o n c l u s i o n  df t h e  t e s t s  on t h e  wing w i t h  t h e  
f l a p  i n  t h e  o r i g i n a l  c o n d i t i o n ,  a m e t a l  s t r i p  1.4 i n c h e s  
wide  (marked .A on f i g .  4 )  was removed from t h e  l o w e r  wing 
s u r f a c e  i n  o r d e r  t o  i n c r e e s e  t h e  s i z e  o f  t h e  s l o t  t h r o u g h  
t h e  wing when t h e  f l a p  w s s  f u l l y  d e f l e c t e d ,  Kor idged  
t e s t s  a t  thri ;?a flap d e f l e c t i o n s  were mzde f o r  d e t e r m i n i n g  
t h e  e f f e c t s  c f  % h e  s l o t  on b o t h  ths f l a p  and  t h e  a i l e r o n  
c h a r a c t e r i s t l c s ,  A second mDi l i f i ca t ion  was made by r e -  
moving s o m e  f a b r i c  on t h e  lower  s t i r f a c e  o f  t h e  f l a p  t r a i l -  
i h g  edge  (Earired B on fig. 4 )  i n  o r d e r  t o  ange t h e  @UT- 
v a t u r e  a t  t h e  t r a i l i n g  edge of t h e  f l a p ,  With b o t h  o f  
t h e s e  m o d i f i c a t i o n s  o n  t h e  a i r p l a n e ,  t e s t s  were  made w i t h  
t h e  f l a p  i n  t h e  f u l l y  e a t e n d e d  P i n  t h e  r e t r a c t e d  p o s i -  
t i o n s .  

R e s u l t s  and  D i s c u s s i o n  

L i f t ,  d r a g ,  a n d  pi tching- moment  c o e f f i c i e n t s , -  The 
aerodynamic  c h a r a c t e r i s t i c s  o f  t h e  a i r p l a n e  (figs. 6 and 
7 )  show t h a t  t h e  maximum l i f t  c o e f f i c i e n t  i n c r e a s e s  w i t h  
i n c r e a s i n g  f l a p  d e f l e c t i o n  f r o n  1.29 a t  
a t  6 f  = 43.0°, w i t h  t h e  maximum l i f t  f o r  a l l  f1a.p d e f l e c -  
t i o n s  o c c u r r i n g  e s s e n t i a l ) - y  a t  t h e  spne  a n g l e  of  a t t a c k .  
The s l o p e  o f  t h e  l i f t - c o e f f i c i e n t  c u r v e  i s  c o n s t a n t  
t h r o u g h o u t  t h e  e f f e c t i v e  a n g l  e - - o f - a t t a c k  r a n g e  when t h e  
f l a p  i s  u n d e f l e c t e d .  With t h e  f l a p  d e f l e c t e d ,  t h e  s l o p e  
o f  t h e  l i f t - c o e f f i c i e n t  c u r v e  v a r i e s .  I n  compar i son  w i t h  
t h e  s l o p e  f o r  n o  f l a p  d e f l e c t i o n ,  t h e  s l o p e  w i t h  t h e  f l n p  
d e f l e c t e d  i s  s l i g h t l y  g r e a t e r  a t  l o w  l i f t  c o e f f i c i e n t s  
and s l i g h t l y  less a t  h i g h  l i f t  c o e f f i c i e n t s .  The i n c r e a s e  
i n  s l o p e  may be  p a r t l y  a t t r i b u t e d  t o  t h e  i n c r e a s e  i n  t h e  
e f f e c t i v e  wing a r e a  when t h e  f l a p  i s  e x t e n d e d ,  b e c a u s e  
CL 
t r a c t e d .  The d e c r e e s e  i n  s l o p e  i s  c a u s e d  by t h e  f l o w  
breakdown ove r  t h e  u p p e r  s u r f a c e  o f  t h e  f l a p  a t  h i g h  an- 
g l e e  of a t t a c k ,  S c a l e  e f f e c t  on t h e  maximurn l i f t  c o e f f i -  
c i e n t  a t  t h r e e  f l a p  p o s i t i o n s  i s  shown i n  f i g u r e  8. 

-, _I 

6 f  = 0' t o  2.37 

i s  c a l c u l a t e d  u s i n g  t h e  wing a r e a  w i t h  t h e  f l a p  r e-  
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The a i r p l a n e  pi tching-moment c o e f f l c i e n t s  about  t h e  
c e ~ t e r  o f  g r a v i t y  ( t a b l e  I and  f i g ,  4 )  f o r  t h e  v a r i o u s  
f l a p  d e f l e c t i o n s  t e s t e d  a r e  shown i n  f i g u r e  6. P i t c h i n g-  
moment c o e f f i c i e n t s  about  t h e  wine  q u a r t e r - c h o r d  p o i n t ,  
d e r i v e d  f r o a  t h e  c u r v e s  of f i g u r c  6,  are shown , in  f i g u r e  
9. 

The v a r i a t i o n  o f  t h e  p r o f i l e - d r a g  c o e f f 5 c i e n . t  w i t h  
t h e  l i f t  c o e f f i c i e n t  f o r  t h e  z e r o  and t h e  53.5' f1a.p de-  
f l e c t i o n  i s  shown i n  f i g u r e  L O ,  and t h e  s c a l e  e f f e c t  on 
t h e  pr o f i l e - d r a g  c o e ' f f i c i e n t  f o r  t h e  f l a p - r e t r a c t e d  Con- 
d i t i o n  i s  shown i n  f i g u r e  11, 

&ger - , su r f ace  a i  l e r o n  chsr%?cte,rist$&&.- The r o l l i n g -  
moment c o e f f i c i e n t  m& t h e  yawiig-moaent  c o e f f i c i e n t  
abou t  t h e  wind a x i s  as  w e l l  a s  t h e  r e s u l t a n t  a i l e r o n  
hinge- noment c o e f f i c i e n t  at z e r o  r o l L i n g  v e l o c i t y  a r e  
p l o t t e d  a g a i n s t  t h e  l e f t  a i l e r o n  O e f l e c t i o n  a t  v a r i o u s  
l i f t  c o e f f i c i e n t s  and  f l a p  d e f l e c t i o n s  i n  f i g u r e s  1 2 ,  13,  
and 14 ,  When t h e  a i l e r o n s  are unde r  no l o a d ,  t h e  r i g h t  
and t h e  l e f t  a27.erons a r e  i n t e r e o n n e c t e a  up t o  3' l e f t  
s t i c k  d e f l e c t i o n  (-4 l e f t  a i l e r o n  d e f l e c t i o n ) ,  a s  shown 
i n  f i g u r e  5. Hhen t h e  a i l e r o n s  a r e  u n d e r  l o a d ,  t h i s  
i n t e r c o n n e c t i o n  N ~ Y  b e  e x t e n d e d  t o  g r e a t e r  l e f t  a i l e r o n  
d e f l e c t i o n s  b e c a u s e  o f  t h e  e x c e s s i v e  s t r e t c h  i n  t h e  con-  
t r o l  sys tem,  

I n  f i g u r e s  22, 13, 2nd 1 4 ,  t h e  a i l e r o n  r o l l i n g -  and 
yawing-moment c o e f f i c i e n t s  a r e  p roduced  by b o t h  t h e  l e f t  
and t h e  r i g h t  a i l e r o n s  up  t o  - 4 O  l e f t  a i l e r o n  a e f l - e c t i o n ,  
and p o s s i b l y  up  t o  s l i g h t l y  l a z g e r  d e f l e c t i o n s  b e c a u s e  of 
t h e  s t r e t c h  i n  t h e  c o n t r o l  sys tem wnder load. A t  l e f t  
a i l e r o n  d e f l e c t i o n s  i n  e x c e s s  o f  ,.&is amount t h e  a i l e r o n  
ro l l ing-moment  c o e f f i c i e n t  and t h e  yawing-moment c o e f f i -  
c i e n t  a r e  a t t r i b u t e d  only t o  t h e  l e f t  a i l e r o n .  E x p e r i-  
m e n t a l  p o i n t s  c a n n o t  be g i v e n  for t h e  r e s u l t a n t  a i l e r o n  
hinge-moment c o e f f i c i e n t s  i n  f i g u r e  12 t o  15  b e c a u s e  i t  
was n e c e s s a r y  t o  meEtsure t h e  moments a t  t h e  c o n t r o l  s t i c k  
and t o  c o r r e c t  t h e  rnoments f o r  v a r i a t i o n  9 f  t h e  m e c h a n i c a l  
a d v a n t a g e  o f  t h e  c o a t r o l  sy s t em w i t h  s t r e t c h ,  The a i l e r o n  
hinge-momeat c o e f f i c i e n t s  up t o  -44 l e f t  a i l e r o n  d e f f e c -  
t i o n ,  and p o s s i b l y  up  t o  s l i g h t l y  g r e a t e r  d e f l e c t i o n s ,  
a r e  l i k e w i s e  a t t r i b u t e d  t o  b o t h  t h e  l e f t  and t h e  r i g h t  
a i l e r o n .  A t  l e f t  a i l e r o n  d e f l e c t i o n s  i n  e x c e s s  o f  . t h i s  
amount t h e  r e s u l t a n t  hinge-moment c o e f f i c i e n t s  a r e  a t-  
t r i b u t e d  o n l y  t o  t h e  1 .gf t  a i l e r o n .  The hinge-moment c o e f-  
f i c i e n t s  shown i n  f i g u r e s  1 2 ,  13, 1 4 ,  and 15 a r e  b a s e d  on 

J 
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t h e  a s sumpt ion  t h a t  t h e  moments a r t s e  o n l y  f r o m  t h e  l e f t  
a i l e r o n ,  

The r e s u l t a n t  a i l e r o n  hinge-moment c o e f f i c i e n t s  f o r  
a l l  o f  t h e  c o n d i t i o n s  e x c e p t  t h a t  w i t h  t h e  f l a p  f u l l y  ex-  
t e n d e d  a r e  s i m i l a r  i n  t h a t  t h e y  i n c r e a s e ,  a l t h o u g h  i r r e g -  
u l a r l y ,  w i t h  i n c r e a s i n g  a i l e r o n  d e f l e c t i o n .  I n  t h e  Con- 

o c c u r s  i n  t h e  r e g i o n  f r o m  -lo t o  -go d e f l e c t i o n  o f  t h e  
l e f t  a i l e r o n .  When t h e  f l a p  i s  f u l l y  d e f l e c t e d ,  a small 
o p e n i n g  ( O . O l O c ,  measured  on t h e  lower  s u r f a c e  o f  t h e  
wing)  occur3 be tween  t h e  f l a p  and t h e  wing ,  T h i s  o p e n i n g  
t e n d s  t o  i n c r e a s e  t h e  p r e s s u r e  on t h e  lower  s u r f a c e  o f  
t h e  a i l e r o n s  a t  h i g h  l i f t  c o e f f i c i e n t s  end t o  p r o d u c e  
t h e r e b y  a n e g a t i v e  a i l e r o n  f l o a t i n g  a n g l e ,  T h i s  f l o a t l n g  
t e n d e n c y  may e x i s t  a t  o t h e r  t h e n  f u l l  f l a p  d e f l e c t i o n  b u t  
was n o t  i n d i c a t e d  by t h e  r e s u l t a n t  a i l e r o n  h i n g e  moment, 
p r o b a b l y  b e c a u s e  o f  t h e  i n t e r c o n n e c t i o n  of  t h e  sile r o n s  
and t h e  e x c e s s i v e  f r i c t i o n  o f  t h e  c o n t r o l  sys tem.  The 
a i l e  r o n s  n o t  b e i n g  w e i g h t- b a l a n c e d ,  e x c e p t  in t h e  n e u t r a l  
p o s t t i o n ,  t h e  r e s u l t a n t  h i n g e  moment n o r m a l l y  i n c l u d e s  
t h e  moment due t o  t h e  w e i g h t  o f  one z i l e r o n ,  The r e s u l t -  
a n t  hinge-moment c o e f f i c i e n t s  o f  f i g u r e s  1 2  t o  1 5  do n o t  
i n c l u d e  t h e  w e i g h t  moment, 

7 
d i t i o n  w i t h  f l a p  f u l l y  e x t e n d e d  a r e v e r s a l  o f  t h e  moment LN 
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I n  f i g u r e  26 i s  g i v e n  t h e  s t i c k  f o r c e  r e q u i r e d  t o  
s l o w l y  i n c r e a s e  t h e  a i l e r o n  d e f l e c t i o n  a t  v a r i o u s  f l a p  
d e f l e c t i o n s .  The mean c u r v e s  o f  " h y s t e r e s i s  l o o p s "  
found  by i n c r e a s i n g  and d e c r e e s i n g  t h e  a l l e r Q n  d e f l e c t i o n  
a r e  also g i v e n ,  These  mean a u r v e s  r e p r e s e n t  t h e  a p p r o x i -  
mate  f o r c e s  t h a t  would be e n c o u n t e r e d  i f  a l l  f r i c t i o n  
were  e lOmina ted  f rom t h e  c o n t r o l  sys tem p r o v i d e d  t h a t  t h e  
f r i c t i o n  and t h e  c a b l e  s t r e t c h  a r e  t h e  same whe the r  i n -  
c r e a s i n g  or d e c r e a s i n g  t h e  a i l e r o n  d e f l e c t i o n .  Even i n  
t h e  a p p r o x i m a t e l y  f r i c t i o n l e s s  c o n d i t i o n  t h e  c o n t r o l  
f o r c e s  were  e x c e s s i v e ,  ( S e e  r e f e r e n c e  8 . )  Beyond ap-  
p r o x i m a t e l y  -4O l e f t  a i l e r o n  d e f l e c t i o n  t h e  f O r c e s  shown 
i n  f i g u r e  1 6  i n c l u d e  t h e  we igh t  moment of One a i l e r o n ,  

The a i l e r o n  r o l l i n g r m a m e n t  c o e f f i c i e p t s  a t  z e r o  r o l -  
l i n g  v e l o c i t y  ( f i g s ,  12, 13, and 14 )  showed an i n c r e a s e  
w i t h  i n c r e a s i n g  e i l e r o a  d e f l e c t i o n  and  were s l i g h t l y  
g r e a t e r  when t h e  f l a p  was d e f l e c t e d .  The c o e f f i c i e n t  i s  
l e s s  t h a n  would b e  g i v e n  by s i m p l e  sea.l,ed a i l e r o n s  o f  
e q u a l  s i z e  h a v i n g  upward d e f l e c t i o n  o n l y  ( r e f e r e n c e  81, 
U n l i k e  t h e  s i m p l e  a i l e r o n  ( r e f e r e n c e  81, t h e  u p p e r- s u r f a c e  
a i l e r o n  d i d  n o t  e x h i b i t  a r a p i d  d e c r e a s e  i n  t h e  s l o p e  O f  
t h e  r s l l i ng -momen t  q o a f f i c i e q t  c u r v e  a t  a b o u t  - Z o o  
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d e f l e c t i o n ,  A v a l u e  of pb/ZVt = 0.07 h a s  been  f o u n d  ( r e f -  
e r e n c e  9 )  t o  r e p r e s e n t  s a t i s f a c t o r y  r o l l i n g  f o r  p u r s u i t -  
t y p e  a i r p l a n e s  o f  p r e s e n t - d a y  s p e e d s .  If z e r o  a n g l e  O f  
s i d e s l i p  and z e r o  yawing v e l o c i t y  a r e  assumed,  t h e  CL' 
r e a - u i r e d  t o  g i v e  n pb/ZVt o f  0.07 i s  found  t o  b e  0.038 
f o r  t h i s  p a r t i c u l a r  a i r p l a n e  ( c a l c u l a t e d  b y  r e f e r e n c e  lo). 
The maximum measured  v a l u e s  o f  C2' w e r e ,  i n  a l l  c a s e s ,  
i n  e x c e s s  o f  t h i s  amortat, 

The yawing-moment c o e f f i c i e n t s  a t  z e r o  r o l l i n g  ve-  
l o c i t y  given. i n  f i g u r e s  1 2 ,  13, and 2 4  a r e  v e r y  s m a l l  a t  
a l l  l i f t  c o e f f i c i e n t s  w i t h  t h e  f l Q p  r e t r a c t e d ,  WSth t h e  
f l a p  d e f l e c t e d ,  t h e  a i l e r o n s  epiosar t o  g i v e  e d v e r s e  yaw- 
i n g  momentse S i m i l a r  r e s u l S s  h a v e  b e e n  n o t i c e d  i n  o t h e r  
i n v e s t L g a t i o n s  o f  u p p e r- s u r f a c e  a i l e r o n s  ( r e f e r e n c e  11). 

c_ Flap , o n e r a t i n n  f s r c e 2 , -  The o p e r a t i n g  f o r c e s  r e -  
q u i r e d  *bo ex.tend and  t o  r e t r a c t  t h e  f l e p  a r e  g i v e n  I n  
f i g u r e  1 7  f o r  t w o  l i f t  c o e f f i c i e n t s  a t  a t e s t  sneed  o f  
58 m i l e s  p e r  h o - i r  and i n  one c o n d i t i o n  w i t h  t h e  t u n n e l  
n o t  o p e r a t i n g .  From t h e s e  c u r v e s  i t  w a s  conc luded  t h a t  
t h e  a i r  f o r c e s  t e n d i n g  t o  e x t e n h  o r  t o  r e t r a c t  % h e  fl8.p 
a r e  n e g l i g i b l e ,  thzC the f r i c t i o n  o f  t h e  o p e r a t i n g  mech- 
an i sm c o n s t i t u t e s  t h e  main p o r t i o n  o f  t h e  o p e r a t i n g  f o r c e  
end  d o e s  n o t  s.ary g r e a t l y  w i t h  %he  aerodynamic  l o e d  on 
t h e  f l a p ,  and t h z t  t h e  u n b a l a n c e d  v e i g h t  o f  t h e  f l a p  a i d s  
i n  e x t e n d i n g  t h e  f l a p  and h i n d e r c  i n  r e t r a c t i n g  i t .  

Flap-gap m o d i f i c a t i o n s . -  The maximum l i f t  c o e f f i c i e n t  
--_I__- 

of t h r a i r p l e n e  ( f i g s .  7 and 1 8 )  wac l n c r e s s e d  f o r  t h e  
r e t r a c t e d - ,  f o r  t h e  t h r e e - f i f l h s - e x t e n d e d - ,  and f o r  t h e  
f u l l y  e x t e n d e d- f l a p  c o n d i t i o n s  when t h e  gap  be tween  t h e  
wing  and t h e  f l a p  was e n l a r g e d  t o  0 , 0 3 7 ~  by removal  o f  
t h e  m e t a l  s t r i p  niarked A i n  f i g u r e  4 ,  With t h e  f l a p  f u l l y  
e x t e n d e d  t h e  i n c r e a s e  i n  l i f t  c o e f f i c i e n t  w a s  0.20. The 
p i t c h i n g- n o m e n t  c o e f f i c i e n t s  were  s i m u l t a n e o u s l y  i n c r e a s e d  
be -cause a l a r g e  p e r c e n t a g e  o f  t h e  i n c r e s s e  i n  l i f t  o c c u r r e d  
on t h e  f l a p ,  The s l o p e  o f  t h e  , l i f t  c u r v e  i s  abou t  t b e  sane 
a s  t h a t  o b t p i n e d  w i t h  the o r i g i n a l  f l a p  g e p ,  'but t h e  c u r v e  
i s  s h i f t e d  toward  t h e  n e g a t i v e  z n g l e e  o f  a t t a c k .  The d r a g  
a t  a l l  l i f t  c o e f f i c i e n t s  was s l i g h t l y  d e c r e a s e d  wi th  t h e  
e n l a r g e t i  f l a p  gap ( f i g s .  1 7 ,  1 8 ,  and 1 9 ) .  The i n c r e g s e  i n  
gap a i z e  w i l l  proba 'bly  cause ita i n c r e e s e  i n  t h e  r e v e r s a l  
o f  t h e  a i l e r o n  h i n g e  noment when t h e  f l a p  i s  f v l l y  ex-  
t e n d e d .  D u r i n g  t h e  t u n n e l  t e s t s  w i t h  t h e  s t i c k  l o c k e d  i n  
t h e  n e u t r a l  p o s i t i o n  and t h e  f l a p  f u l l y  e x t e n d e d ,  t h e  
aerodynamic  f o r c e s  were s u f f i c i e n t  t o  f l o a t  both a i l e r o n s  
a t  an a n g l e  a f  appTox ima te ly  - E O ,  
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F l a p  t r a i l i n g - e d g e  m o d i f i c a t i o n s . -  The f i n d  t e s t s  
were  made on t h e  a i r p l a n e  w i t h  a m o d i f i e d  t r a i l i n g  edge  
on t h e  f l a p  t o g e t h e r  w i t h  t h e  i n c r e a s e d  f l a p  gap  ( A  and B, 
f i g .  4 ,  removed) ,  The maximum l i f t  and  pi tching- moment  
c o e f f i c i e n t s  ( f i g .  20) i n  t h i s  c o n d i t i o n  were  o n l y  s l i g h t -  
l y  i n c r e a e e d  ove r  t h o s e  w i t h o u t  t h e  t r a i l i n g - e d g e  modifli- 
c a t i o n .  The d r a g  o f  t h e  a i r p l a n e  was a l s o  i n c r e a s e d  and T 
approx ima ted  % h e  d r a g  f o r  t h e  c o n d i t i o n  w i t h o u t  t h e  en-  v 1 
l a r g e d  f l a p  gag and  t r a i l i n g - e d g e  m o d i f i c a t i o n  ( f i g .  3.9) .  -4 

II - FLIGHT TNVZSTIGkTfON 
Tests 

F l i g h t  t e s t s  o f  t h e  F s i r c n i l B  XE2X-1 a i r p l z n e  
e q u i p p e a  w i t h  the Z a p  f l a p  m d  upper-surfpee a i l e r o n- w i n g  
i n s t a l l a t i o n  were maue i n  o r d e r  t o  i n v e s t i g s t e  t h e  c h a r a c -  
t e r i s t i c s  n o t  nessureble i n  t h e  w i n d  t u n n e l .  Amoog t h e s e  
c h a r a c t e r i s t i c s  a r e  t h e  maximum r o l l i n g  v e l o c i t y ,  t h e  
r o l l i n g  s c c e l e r a t i o n ,  t h e  accompgnying yaw, and t h e  t ime  
l a g  i n  t h e  a i l e r o n s .  These c h e r a c t e r i s t i c s  were  measured  
b o t h  w i t h  t h e  f l a p  r e t r a c t e d  and e x t e n d e d  and a t  v a r i o u s  
s p e e d s .  No f l i g h t  t e s t s  were made w i t h  t h e  m o d i f i e d  f l a p  
gap  and t h e  r e v i s e d  fPa,p t r a i l i n *  edge.  

Con t inuous  p h o t o g r a p h i c  r e c o r d s  o f  c o n t r o l  movements 
and t h e  r e s u l t i n g  b e h a v i o r  o f  t h e  a i r p l a n e  were o b t a i n e d  
by i n s t s l l a t i o n  o f  t h e  f o l l o w i n g  NACA i n s t r u m e n t s :  

NACA i n s t r u m e n t s  Items measu* 

1. A i r s p e e d  r e c o r d e r  A i r s p e e d  

2. C o n t r o l - p o s i t i o n  r e-  
c o r d e r s  

3 ,  A n g u l a r- v e l o c i t y  r e-  
c o r d e r s  

4. Two-compgnent a c c e l e r -  
ometer  

5.  C o n t r o l - f o r c e  r e c o r d e r  

Ruader, e l e v a t o r ,  and 
l a t e r a l  s t i c k  move- 
men t s ;  and f l a p  p o s -  
i t i o n  

Angular  v e l o c i t y  i n  
r o l l  and yaw 

T r a n s v e r s e  and normal  
a c c e l e r a t i o n s  

S t i c k  f o r c e s  r e q u i r e d  
t o  o p e r a t e  a i l e r o n s  
an4  e l e v a t o r s  

6.  Timer Time 
i 
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I n  a d d i t i o n ,  a n  a i l e r o n - p o s i t i o n  i n d i c  t o r  was p l a c e d  
on t h e  l e f t  a i l e r o n  t o  p e r m i t  t h e  r e a d i n g  o f  a c t u a l  a i l e r -  
on d e f l e c t i o n  i n  f l i g h t .  

The e r r o r  i n  t h e  a i r s p e e d  r e c o r d e r  r e s u l t i n g  f r o m  
i n t e r f e r e n c e  was n o t  d e t e r m i n e d .  I t  i s  judged  t h a t  t h e  
e r r o r  i n  dynamic p - r e s s u r e  d i d  n o t  exceed  5 p e r c e n t  w i t h  
t h e  f l a p  e x t e n d e d  and was p r o b a b l y  l e s s  w i t h  t h e  f l a p  r e -  
trsc-l'SCs * 

Resul t s  and  D i s c u s s i o n  

R o l l i n g  v e l o c i t y , -  The u p p e r - s u r f a c e  a i l e r o n s  were 
i n v e s t i g a t e d  by a b r u p t  r o l l s  made i n  l e v e l  f l i g h t  w i t h  
r u d d e r  and e l e v a t o r  h e l d  f i x e d .  The maximum r o l l i n g  
v e l o c i t y  i s  p r e s e n t e d  i n  f i g u r e  21 i n  terros o f  pb/2Vt 
a s  a f u n c t i o n  o f  t h e  a c t u a l  a i l e r o n  a e f l e c t i o n .  The 
e x p r e s s i o n  pb/2Vt r e p r e s e n t s  t h e  t a n g e n t  o.f t h e  he1 ica . l  
a n g l e  d e s c r i b e d  b y  t h e  wing t f p  i n  a r o l l .  The a n g l e  
b e i n g  small ,  pB/2Vt may b e  c o n s i d e r e d  t o  e u u a l  t h e  h e l -  
i c a l  a n g l e  i n  r a d i a n s .  Numerous o t h e r  t . e s t s  ( r e f e r e n c e  9 )  
h a v e  shown t h a t  a v a l u e  o f  pb/2Vt o f  0.07(4.0°) o r  above 
a t  f u l l  a i l e r o n  d e f l e c t i o n  i n d i c a t e s  a. s a t i s f a c t o r y  r o l l -  
i n g  v e l o c i t y  f o r  p u r s u i t - t y p e  a i r p l a n e s  o f  p r e s e n t - d a y  
s p e e d s .  The F a i r c h i l d  XR2K-1 a i r p l a n e  w i t h  t h e  normal  
wing and a i l e r o n s  n a s  ;? v a l u e  o f  t h e  h e l i c a l  a n g l e  of 
a b o u t  0.Q75 r a d i a n .  F i g u r e  21  shows t h a t ,  w i t h  t h e  f l a p  
r e t r a c t e d ,  t h e  u p p e r- s u r f a c e  a i l e r o n s  gave  a h e l i c a l  a n g l e  
j u s t  s l i g h t l y  g r e a t e r  t h a n  t h e  ruinimum o f  0.07 r a d i a n  f o r  
s a t i s f a c t o r y  c o n t r o l ,  T h i s  v a l u e ,  w h i l e  o b t a i n e d  a t  f u l l  
s t i c k  d e f l e c t i o n ,  i s  n e v e r t h e l e s s  a t  much l e s s  t h a n  f u l l  
ai l e r o n  d e f l e c t i o n  b e c a u s e  o f  t h e  e x c e s s i v e  s t . r e t c h  i n  
t h e  c o n t r o l  sys t em u n d e r  l o a d .  I t  i s  a p p a r e n t  t h a t ,  if 
f u l l  a i l e r o n  d e f l e c t i o n  had  been  r e a l i z e d ,  much g r e a t e r  
vg lwes  o f  t h e  h e l i c a l  a n g l e  would have  been  a t t a i n e d .  

When t h e  f l a p  i s  i n  t h e  r e t r a c t e d  p o s i t i o n ,  t h e  h e l -  
i c a l  a n g l e  i n c r e a s e s  s l i g h t l y  w i t h  d e c r e a s e  o f  t h e  l i f t  
c o e f f i c i e n t ,  B S  shown i n  f i g u r e  21,  The -h e l i c a l  a n g l e  i s  
a p p r o x i m a t e l y  d i r e c t l y  p r o p o r t i o n a l  t o  a i l e r o n  d e f l e c t i o n ,  
T h i s  c o n d i t i o n  i s  d e s i r a b l e ,  With t h e  f l a p  f u l l y  ex-  
t e n d e d ,  t h e  h e l i c a l  a n g l e  i s  much g r e a t e r  a t  a l l  a i l e r o n  
d e f l e c t i o n s  t h a n  w i t h  t h e  f l a p  r e t r a c t e d .  A l s o ,  a t  small  
a i l e r o n  d e f l e c t i o n s ,  a r e l a t i v e l y  g r e a t e r  h e l i c a l  a n g l e  
i s  p roduced  t h a n  a t  l a r g e  a i l e r o n  d e f l e c t i o n s .  ThLs 



r e s u l t  i s  more  pronounced  a t  t h e  l o w e r  speed or g r e a t e r  
li f t c oef  f i c i  e n t  , 

R o l l i n g  a c c e l e r a t i o n . -  The v a r i s l t i  on o f  maximum 
r o l l i n g  a c c e l e r a t i  on w i t h  ai 1er .on  d e f l e c t i o n  in a b r u p t  
a i l e r o n  r o l l s  f o r  s e v e r a l  s p e e d s  and f l a p  s e t t i n g s  i s  
shown i n  f i g u s e  22, X o r  t h e  F a i r c h i l d  XR2K-1 a i r p l a n e  
t h e s e  c h a r a c t e r i s t i o s  a p p e a r  t o  be  s a t i s f a c t o r y .  I f  the 
a i  l e r o n - c o h t r o l  sys tem ha& e x h i b i t e d  l e s s  s t r e t c h  u n d e r  
l o a d ,  i t  i s  l i k e l y  t h a t  t h e  maximum s o l l f r , g  a c c e l e r a t i o n s  
would have  b e e a  g r e a t e r ,  

.ii -G! 
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A t  all f l a p  p o s i t i o n s  i n  b o t h  s l o w  and abrupt a i l -  
e r o n  r o l l s ,  t h e  r o l l i n g  a c c e l e r a t i o n  began and remained  
i n  t h e  c o r r e c t  d i r e c t i o n ,  which  i n d i c a t e s  t h a t  t h e r e  WBS 
no r e v e r s a l  o f  t h e  ro l l ing- moment  c o e f f ' i c i  a n t  a t  small 
a i l e r o n  d e f l e c t i o n s ,  as  i s  sonet i rnLs n o t i c e d  w i t h  s p o i l e r -  
t y p e  a i l e r o n s .  

Response t i m e .-  BecavLse o f  the g r e a t  f r i c t i o n  and 
s t r e t c h  of  t h e  a i l e r o n - c o n t r o l  sFs tem,  measurements  O f  
t h e  t i m e  d e t w e e n  t h e  s t a r t  o f  t h e  s t i c k  mot ion  and t h e  
b e g i n n i n g  of t h e  r o l l i n g  v e l o c i t y  i n  abrupt a i l e r o n  t o l l s  
a r e  p o t  b e l i e v e 6  t o  be a t r l i e  i n d i c a t i o n  o f  tbe a i g e r o n  
r e s p o n s e  t fme .  The p i l o t  n o t e d  no  a i l e r o n  l a g  and con-  
s i d e r e d  t h e  a i  l g r o n s  s a t i s f a c t o r y  i n  t h i s  r e s p e c t , .  

Yawing c h a r a c t e r i s t i c s . -  I n  f i g u r e  23 a r e  shown t w o  
tygktca l  t ime h i s t o r i e s  o f  t h e  ygwing  v e l o c i t y  in a b r u p t  
e j l l - e ron  r o l l s  w i t h  f l a p s  f u l ' l y  r e - t r a c t e d  and w i t h  f l a p s  
e x t e n d e d ,  The r o l J l i n g  v e l o c i t y ,  t h e  t r a n s v e r s e  a c e e l e r a -  
t i a n ,  and t h e  s t i c k  p o s i t i o n  ( a i l e r o n  c o n t r o l )  a r e  a l s o  
shown, I t  i s  t o  b e  n o t i c e d  t h a t  t h e  yawing v e l o c i t y  $ 8  
s e e n  t o  b e  f i k s t  f a v o r a b l e ,  t h e n  l e % %  fayorabJe ,  some- 
t imes becoming' a d v e r s e ,  end  f i n a l l y  be$oming and r e m a i n i n g  
f a v o r a b l e ,  I n  f i g u r e  2 4 ( a )  i s  shown t h e  madmum yawing 
a c c e l e r a t i o n  o c c u r r i n g  i m m e d i a t e l y  a f t e r  a i l e r o b  & e f l e c -  
t i o n ,  c o r r e s p o n d i n g  t o  t h a t  a t  a p p r o x i m a t e l y  .0.55 second  
i n  f i g u r e  23, T h i s  a c c e l e . r a t i o n  was s u c h  as t b  p r o d u c e  
f a v o r a b l e  yaw for all f l a p  d e f l e c t i o n s .  Xn f i g u r e  24(b) 
i s  shown t h e  magn i tude  o f  t h e  yawing v e l o c i t y  a t  t h a t  
t i m e  d u r i n g  t h e  roll when i t  was l e a s t  f a v o r a b l e  and 'fb 
some c a s e s  adve l ' s e ,  c o r r e s p o n d i n g  t o  a p p r o x i m a t e l y  1.5 
s e c o n d s  i n  f i g u r e  2 3 ,  F o r  want o f  ,a b e t t e r  name t h i s  
v e l o c i t y  i s  c a l l e d  t h e  maximum a d v e m e n e s s  o f  yawing ve-  
l o c i t y ,  The v a l u e s  f a l l  on e i t h e r  s i d e  o f  a e r o  and are 
g e n e r a l l y  small,  As a r e s u l t  o f  t h e  yawing c h a r a o t e r f s -  
t i c ,  t h e  angle of yaw produced  by t h e  a i l e r o n s  a t  t h e  
t i m e  of t h e  maximum r o l Z I n g  v e l o c i t y  i s  r e l a t i v e l y  sma21, 
t h o u g h  f a v o r a b l e ,  

d 
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01 f o r c e s , -  
d u r i n g  s l o w  

m a l l y  e x e c u t e d  S t u r n s  w i t h  v a r i o u s  f l a p  d e  
and a t  v a r i o u s  a i r s p e e d s .  I n  a l l  c a s e s ,  t h e  
t r o l  f o r c e  a g a i n s t  s t i c k  d e f l e c t i o n  g a v e  l o  
a r e a ,  an i n d i c a t i o n  t h a t  t h e  f r i c t i o n  o f  t h e  c o n t r o l  sys- 
tem w a s  e x c e s s i v e .  'Phis r e s u l t  c o n f i r m s  t h e  wind- tunne l  
measurements  o f  t h e  f r i c t i o n  shown i n  f i g u r e  16. The 
m a g n i t u d e  o f  t h e  s t i c k  f o r c e s  was  e x c e s s i v e ;  i n  one c a s e  
w i t h  f l a p s  r e t r a c t e d ,  a p p r o x i m a t e l y  40 pounds was r e -  
q u i r e d  t o  o b t a i n  a s t i c k  d e f l e c t i o n  o f  68 p e r c e n t  o f  
maximum a t  a s p e e d  o f  o n l y  80 m i l e s  p e r  hour ,  I n  a d d i -  
t g o n ,  'because o f  t h e  s t r e t c h  i n  t h e  c o n t r o l  s y s t e m ,  t h i s  
s ' t i c k  d e f l e c t i o n  d o e s  n o t  r e p r e s e n t  t h e  a i l e r o n  d e f l e c -  
t i o n .  I n  some c a s e s ,  t h e  s t r e t c h  was s o  g r e a t  t h a t  a 
f u l l  s t i c k  movement r e s u l t e d  i n  on ly  a 50- percen t  a i l e r o n  
d e f l e c t i o n ,  Xf t h e  s t r e t c h  o f  t h e  c o n t r o l  sys tem i s  d i s -  
r e g a r d e d  and t h e  s t i c k  d e f l e c t i o n  i s  c o n s i d e r e d  t o  r e p-  
r e s e n t  a i l e r o n  d e f l e c t i o n ,  t h e  f o r c e s  e n c o u n t e r e d  were  
f r o m  f o u r  t o  e i g h t  t i m e s  g r e a t e r  t h a n  f o r c e s  t h a t  would 
b e  o b t a i n e d  w i t h  c o n v e n t i o n a l  a i l e r o n s  on t h i s  a i r p l a n e .  
V i t h  t h e  f l a p s  f u l l y  e x t e n d e d  t h e r e  was i n d i c a t i o n  of a 
r e v e r s a l  o f  s t i c k  f o r c e  a t  s m a l l  a i l e r o n  d e f l e c t i o n s ;  
t h e s e  r e s u l t s  c o n f i r m  t h o s e  o f  t h e  P e s u l t a n t  hinge-moment- 
c o e f f i c i e n t  c u r v e  shown i n  f i g u r e  14. 

As shown i n  f i g u r e  21,  s a t i s f a c t o r y  a i l e r o n  c o n t r o l  
was o b t a i n e d  a t  abou t  60 p e r c e n t  a i l e r o n  d e f l e c t i o n ,  which  
i n d i c a t e s  t h a t  t h e  a i l e r o n  c h o r d  c o u l d  be  r educed  and t h a t  
s a t i s f a c t o r y  c o n t r o l  c o u l d  s t i l l  be  a t t a i n e d  a t  f u l l  a i l -  
e r o n  d e f l e c t i o n .  T h i s  m o d i f i c a t i o n  would r e d u c e  t h e  s t i c k  
f o r c e s ,  A l o w - f r i c t i o n  c o n t r o l  sys tem would  be  a c o n s i d-  
e r a b l e  improvement ,  By means o f  a c o n t r o l  sys tem t h a t  
d o e s  not s t r e t c h  u n d e r  l o a d ,  f u l l  a i l e r o n  d e f l e c t i o n  would 
be  a t t a i n e d  w i t h  l e s s  s t i c k  mot ion  ( f i g ,  51, T h i s  sys t em 
would p e r m i t  t h e  u s e  o f  a g r e a t e r  m e c h a n i c a l  a d v a n t a g e  and 
w o u l d  f u r t h e r  r e d u c e  t h e  s t i c k  f o r c e s ,  If a s u f f i c i e n t  
r e d u c t i o n  o f  s t i c k  f o r c e s  c o u l d  n o t  b e  o b t a i n e d  w i t h  t h e s e  
improvement s ,  f u r t h e r  r e d u c t i o n  cou ld  be  made by ae rody-  
namic b a l a n c i n g ,  a s ,  f o r  example ,  by a p a d d l e- t y p e  b a l a n c e  
o r  by o t h e r  s u i t a b l e  means. 

The a t t a i n m e n t  o f  s a t i s f a c t o r y  c o n t r o l - s t i c k  f o r c e s  
a t  f u l l  a i l e r o n  d e f l e c t i o n  w i l l  n o t  e l i m i n a t e  a l l  o b j e c-  
t i o n a b l e  c h a r a c t e r i s t i c s  o f  t h e  u p p e r - s u r f a c e  a i l e r o n s  
u s e d  i n  t h i s  i n v e s t i g a t i o n .  The r e v e r s a l  o f  t h e  c o n t r o l  
f o r c e s  n e a r  t h e  n e u t r a l  p o s i t i o n ,  which  w a s  masked t o  a 
l a r g e  e x t e n t  by t h e  e x c e s s i v e  f r i c t i o n  o f  t h e  c o n t r o l  sys- 
tem i n s t a l l e d  f o r  t h e  t e s t e ,  w i l L  p r q b a b l y  be  e a s i l y  
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n o t i c e d  i n  a l o w- f r i c t i o n  c o n t r o l  sys t em.  The j e r k  a t  
t h e  n e u t r a l  p o s i t i o n  a r i s i n g  f y o m  a b r u p t l y  s t o p p i n g  t h e  
m o t i o n  o f  one a i l e r o n  and  s t a r t i n g  t h e  mot ion  o f  t h e  
o t h e r  may a l s o  become n o t i c e a b l e  and o b j e c t i o n a b l e  i n  a 
l o w- f r i c t i o n  sys tem.  

CO~TCLUSI ONS 

The t e s t s  made i n  t h e  f u l l - s c a l e  wind t u n n e l  w i t h  
t h e  p r o p e l l . e r  and  t h e  h o r i z o n t a l  t a i l  s u r f a c e  removed l e d  
t o  t h e  f o l l o w i n g  r e s u l t s .  

1. The Zap f l a p  when e x t e n d e d  f r o m  0' t o  43.0' i n -  
c r e a s e d  t h e  maximum l i f t  c o e f f i c i e n t  o f  t h e  a i r p l a n e  from 
1.2'9 t o  2.37. 

2. The maximum. l i f t  pnd t h e  pi tching- moment  c o e f f i -  
c i e n t s  Were i n c ' r e a s e d  f o r  all flap s e t t i n g s  by an f a . c r e a s e  
i n  t h e  f l a p  gap from 0;OLOc t o  0 . 0 3 7 ~ .  

3, A r e v e r s a l  o c c u r r e d  i n  t h e  r e s u l t a n t  . a i l e r ~ n  
h i n g e  moment when the f l a p  w a s  d e f l e c t e d  t o  t h e  p o s i t i o n  
t h a t  opened t h e  f l n p  gap. 

4. Large e i l e r o n  hinge-moment c o e f f i c i e n t s  a n d  ex-  
c e s s i v e  s t i c k  f o r c e s  were measured a t  h i g h  a i l e r o n  a n g l e s ,  
bu t  t h e s e  s t i c k  f o r c e s  a r e  p r o b e b l y ,  i n  p ? i r t ,  a f a u l t  o f  
t h e  p a r t i c u l a r  t e s t  i n s t 3 l l a t i o n .  

5, The a i l e r o n s  gave  s e t i s f a c t o r y  ro l l ing- moment  
c o e f f i c i e n t s .  

6. The yawing-moment c o e f f i c i e n t s  of t h e  u p p e r  s u r -  
f a c e  a i l e r o n s  were v e r y  s m a l l  a t  a l l  f l a p  d e f l e c t i o n s  and 
l i f t  c o e f f i c i e n t s  . 

The t e s t  made i n .  f l i g h t  showed t h e  f o l l o w i n g  r e s u l t s :  

1. The a i l e r o n s  p roduced  t h e  minimum s a t i s f a c t o r y  
r o l l i n g  v e l o c i t y  w i t h  t h e  f l a p  r e t f i a c t e d  and  more t h a n  
t h e  minimum s a t i s f a c t o r y  r o l l i n g  v e l o c i t y  w i t h  t h e  f l a p  
e x t e n d e d ,  d e s p i t e  t h e  e x c e s s i v e  s t r e t c h  o f  t h e  c o n t P o l  
mechanism u n d e r  load, 

2. The t ime  Zag i n  t h e  r e s p o n s e  o f  t h e  a i l e r o n s  was 
s o  m a l l  a s  t o  b e  unnGt i ceab1e  t o  t h e  p i l o t ,  
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3. The yawing  charRcterkstios, a l t h o u g h  s l i g h t l y  
i r r e g u l a r ,  p r o d u c e d  a s n a l l  f s v o r a b l e  yaw. 

4, The a i l e r o n  o p e r a t i n g  f o r c e s  on  t h e  XB2E-1 a i r -  
plane i n s t a l l a t i o n  were e x c e s s i v e .  

5 .  Because  t h e  a i l e r o n  c o n t r o l  s y s t e m  u s e d  i n  t h e s e  
t e s t s  nad e x c e s s i v e  f r i c t i o n  and wss v e r y  f l e x i b l e  u n d e r  
l o a d ,  t h e  rest i l ts  r e g a r d i n g  t h e  a i l e r o n - c o n t r o l  f o r c e s  
c a n n o t  be  c o n s i d e r e d  as c o n c l u s i v e .  

6.  The r e s u l t s  i n d i c a t e  t h e  n e c e s s i t y  f5or a c o n s i d-  
e r a b l e  o v e r l a p  i n  t h e  s t a r t i n g  and s t o p p i n g  of t h e  u p p e r-  
s u r f a c e  a i l e r o n s ;  and t h r t  t h e  c o n t r o l  sys t em must b e  
d e - i g n e d  wit4 low f r i c t i o n  an& a m a l l  amount o f  s t r e t c h .  

L an g 1 e y M e m o  r i a 1  Be r o nau t i c a 1 Lab or a t o r y , 
N a t i o n a l  Advcsory Committee f o r  A e r o n a u t i c s ,  

Langley F i e l d ,  VB, 
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TABL1 I.- CHARACTERISTICS OF FAIRCHILD XR211~1 AIRPLANE 

WITH ZAP FLAP AND UPPER-SURFACE AILERON 

W I N G  INSTALLATION 

Wing: 

Area  ( f l e p  r e t r a c t e d ) ,  Sw, s q u a r e  f e e t  , . . L41,5 
Span ,  b ,  f e e t  . . . . . . . . . . . . . . .  33.02 
Chord ( f l a p  r e t r a c t e d ) ,  c, fc t . . . .  4.34 
Aspec t  r a t i o  . . 7 .71  
A i r f o i l  s e c t i o n  (N-71 w i t h  s l i g h t  m o d i f i c a t i o n  

of  u p p e r  s u r f a c e  nerir t r a i . l i n g  e d g e )  . . , . 2-115 
Angle o f  i n c i d e n c e ,  g e o r c e t r i c ,  d e g r e e s  . . . 3 . 0  
Angle of i n c i d e n c e ,  of z e r o - l i f t  c h o r d  l i n e ,  

d e g r e e s  , . . . . . . . . . . . . . . . .  5 . 0  

. . . . . . . . . . . . . .  

D i h e d r a l ,  d e g r e e  . . . . . . . . . . . . . .  0 
Weigh t ,  pounds . . . . . . . . . .  391 

Zap f l a p :  

T o t a l  a r e a ,  ( 0 . 3 6 4 5 S w ) ,  s u u a r e  f e e t  . . . . .  51 .6  

Chord ( 0 . 3 7 6 c ) ,  c f ,  f e e t  . . . . . . . . .  1 -63 
Span (0.97433, bf, f e e t  . . . . . . . . . . .  32.16 

Angle  of flap when f u l l y  d e f l e c t e d  r e l a t i v e  t o  
r e t r a c t e d  p o s i t i o n ,  d e g r e e s  . . . . . . . .  43 

A i l e r o n s :  

Area  o f  0 2 e  a i l e r o n  b e h i n d  hinge a x i s ,  S,, 
s q u a r e  f e e t  . . . . . . . . . . . . . . . .  8 .17  

Span of one a i l e r o n  ( 0 . 5 8 2 & ) ,  b,, f e e t  . . . .  9.62 2 
Chord b e h i n d  h i n g e  a x i s  ( 0 . 1 9 5 6 c ) ,  c a ,  f e e t  , 0.849 
B e u t r a l  s e t t i n g  . . . . . . . . . . . .  . f l u s h  w i t h  

u g p e r  wing s u r f a c e  
Maximum d e f l e c t i o n  f rom n e u t r c l  w i t h  5- inch  

control s t i c k  h o r n s  ,- 
Righ t  a i l e r o n ,  d e g r e e s  up I , . . , . . , 4 1 , 6  . . . . . . .  d e g r e e s  down 1.0 
L e f t  a i l e r o n ,  d e g r e e s  up . . . . . . .  . 44.7 

d e g r e e s  down 0 .1  . . . . . . . .  
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TABLE I. - CONTINUED 
S t a%$l i z e r : 

Area  ( n o t  i n c l u d i n g  f u s e l a g e ) ,  s q u a r e  f e e t .  + . 1 9 . 4  
Area  ( i n c l u d i n g  f u s e l a g e ) ,  e q u a r e  f e e t .  . . . .  22.0 
Span,  f e e t  . . . . . . . . . . . . . . . . . .  9.75 

d e g r e e s  u p .  . . . . . . . . . . . . . . . . .  2 . 8  
Maximum d e f l e c t i o n  r e l a t i v e  t o  t h r u s t  a x i s ,  

d e g r e e s  down . , . . , . , . , . , , .) . * 3.6 

E l e v a t o r  ( s e a l e d - h i n g e  t y p e ) :  

Area., s q u a r e  f e e t  . . . . . . . . . .  * . , . 10.4  

d e g r e e s  down . . . * I . . . . . . .  35 

Maximum d e f l e c t i o n  r e l a t i v e  t o  t h r u s t  a x i s ,  
d e g r e e s  up  . . . . . . . .  24 . . . . . . . .  

D i s t a n c e  from l e a d i n g  e d g e  of wing t o  e l e v a t o r  
h i n g e ,  f e e t  . . . . . . . . . . . . . . . . .  14,38 

F i n  a r e a ,  s q u a r e  f e e t  . . . . . . . . . . . . . . .  4.8 

Rudder:  

Area, s q u a r e  f e e t  . . . . . . . . . . . . . . .  11,3 

d e g r e e s  l e f t  . . , , . . 25,4 
Maximum d e f l e c t i o n ,  d e g r e e s  r i g h t  . . . . . . .  27,6  

Weighing d a t a :  

Weight a s  g e n e r a l l y  f l o w n ,  pounds . , . ,2040 t o  2160 
C e n t e r - o f - g r a v i t y  p o s i t i o n -  

Back of  l e a d i n g  edge  o f  wing ( O o 2 5 8 c ) ,  f e e t  * 1,121 
B e l o w  l e a d i n g  edge o f  w ing  (O,73Oc), f e e t  , . 3.17 
Above t h r u s t  a x i s ,  feet . . . . . . . . . . .  0,17 

Engine  : 

Make . . . . . . . . . . . . . .  . , , . . Warner 
Type . . . . . . . . . . . .  s e v e n  c y l i n d e r ,  r a d i a l  
R a t e d  h o r s e p o w e r ,  b r a k e  ho r sepower  a t  2050 rpm 145 

P r o p e l l e r :  

M a k e .  . . . . . . . . . . .  H ami 1 t on 
Type . , . , . , , , . two-b~ .ade ,  f i x e d  p i t c h ,  m e t a l  

. . . . . . .  
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Figure 1. - Zap-flap ana upper-surfqpe aileran wing iristallatiori 
on the Fairchild XR2E-I airplane. 
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Le? t S t i c k  deflection, -leg 

Figure 5.- Sir-iul.tanooiis p o s i t i o n s  of riglit End left ailerons against 

yhen the ai lerons  are wler no laa3. 
c o n t p g l - s t i c k  dcflection f r o g  neutral, These v a h o s  apply o n l y  
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Figure,6,- 

Aer odyna- 
mic charac- 
t e r i s t i c s  
o f  tl-isi- 
Fa i r  ch i I d  
XRZK-1 air-  
plane wi th  
the  zap- 
f l a p  wing 
i n s t a l l a -  
t ion .  H o r i -  
zonta l  t a i l  
and propel-  
l e r  r e -  
moved. Ap- 
proximate 
t es t  speed, 
58 miles  
per hour. 
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1Xgxn-c 7,- Tarintiox of tho ;naxi:m-i l i f t  cocfficieL1t w i  til Zap-fi2p 
deflection and with f l ap  gap. 
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Figure 10.- Profile-drag coclficicats of tho Zapf lap  wins 8 s  measured by 
the r=ror.ientw.i r.le tho 3. 
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B i g r e  15.- Conparison of ths rcsul t an t  ac;roc?gnauic hingc-r..or.icxt 

Ap-proxinats t o s t  speecl, 58 n i l o s  per hour. 
coefficients f o r  tho aileron at various f l a p  pos i t ions ,  
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Figure 18.- 

Aerodynamic 
character i s t  ic s 
of the Fairchild 
XR2K-1 airplane 
with the zap- 
flap wing instal- 
lation and an en- 
larged flap gap 
of 0.037~. Hori- 
zontal tail and 
propeller re- 
moved. Approxi- 
mate test speed, 
58 miles per 
hour 
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I'igurc 19.- Lift  azd firaz po la r  f o r  thc Z'airchill m2K-L airglalle with the 
aap-flzp wing i . s td l a t im .  Test spec-%!, approsiaatoly 58 riiilos 

per hour. 
f- 
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Figure 20.- 

Aerodynamic 
characteris- 
tics of the 
Fair ch i Id 

airplane with 
the zap-flap 
installat ion, 
an enlarged 
€lap gap of 
0.037c,and a 
modified 
t ra i 1 i ng 
edge on 
the flap. 

tail and 
prope 11 er 
removed, 

test speed, 

per hour. 
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Aileron deflection, percent of maximum 

Left aileron deflection, 6a , deg 
. Flap retracted, indicated airspeed '75 rfrph 

It It i t  n ti 108 n 
tt 

- - - - -  + 
X - - - -  c) 

deflected 43.0°, indicated airspeed 55 mph - -- - 
it it 68 ti  11 It I1 It 

Figure 21,- Variation of the wing-tip helical angle with aileron 

rolls. Fairchild XR2K-1 airplane with Zap-flap wing installation. 
I deflection for various f l ap  settings and airspeeds in aileron 
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.cated 

Time, sec 
(b) %lap deflection 43.0';indicated 

airspeed, 57.2 mph 
Figure 23.- Time histories of abrupt left aileron r o l l s  with particular 

held fixed. Fairchild X B K - 1  with Zap-flap wing installation. 
reference to yawing ehalracteristics. Rudder and elevator 
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Figure 24.- Summary of a i leron yawing character is t ics  on the 
Fairchild XR2K-1 airplane wZth Zap-flap wing 
i n s t a l l a t  ion. 


